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Mees instructions do not purport to cover 
all details or variations in equipment nor te 
provide for every possible contingency to be 
met in connection with installation, operation 
or maintenance, Should further information 


be desired or should particular problems a 


which are not covered sufficiently for 


Cae ae 1 { - rs oy Lert ty of ain Bs ” : * H Ye, 
purchaser's purposes, the matter should be 


referred to the General Electric Company. 


at 


a « wrt A hone <2 ~ 
Sets rerceytete tree F sere LCT UNTIL * 


ant 


illograph is 


ervation and pl graphic recording of h 


such as produced by Surge Fone rators Or 


circuit. lts visualizing 


e 


leésien whose 


mecusiy viewed by the operator. 
DESCRIPT? LEON 


Terps » 
é Cy . . ml <4 ~ 3 Soy a 
obja GUS Tront view 5 DEO tO 


Paph No. 1060327 a rear. inte ernal’ view and photograph No 


at 


et i 


poye19. the trip- rege generator used for coord! inating 


[surge generator. The cabinet is about 27" x 36" x and 


fxz 
dhe CCR RRA: 


(controls are above the 30" level so that a table 


BY be built around it. The 


camera holder has 


that Operation may 


iting position, 


i In the back two give easy access t o all comp 


and connectii 


whe Se bs 


ant 


f3F3 ho 


the cathode ray, t 


obs hn x. Sh, Fe | “t 
to the shiei 


( 


switches, 
Pre timing wave oscillator, the two sweep cireuits and ¢! 
Bame delay circuit. On the next lower level 


Pyoit and two 850 volt power supplies for the swee 


at the bottom are the 25 KV power Supply for 


Mube and a voltage regulator, \ 


re : 1@ smail tube sockets are marked with the tube type 


/ numbers. rh astruction book on the voltage regulator SROWS 


Fi . 


as follows: 

1. Remove top of magnetic shiv 

Place tubes in shield in approximate position with 

accelerator ring terminals to left. 

Connect leads to rings in same order in which they 

cone thru right side of shield. 

Connect other leads according to tag 

deflection terminals which are counted 

a countérclockwise direction, 

aeplace tap of shield being careful to see that high 

voltage leads are properly 


Turn 


tubes so that ring terminals are on horizontal 


8 a _ 


a Aan a AEE ie Fda COCR as 


La 
1 LOM 


ust deflection and eep leads for maximum 
separation from each other. 
The camera holder is installed so that shutter solenoids 
“upward to open enathers: ee | 


The DC calibration circuit is on the front panel 


ae OA2 tubes mounted horizontally. 


1. Low Voltage Circuits, M-5112518 
This shows the 115 volt wiring and is fairly obvious. b- 
time delay relay provides a one minute interval for filament 


heating before hign voltage circuits can be turned on. 


nother ele ay holds the 850 volt power 


/ 300 volt is on. This is necessary for the protection or énbe: 


“in the sweep cireuit which derive bias from the 300. volt 

2) 

PPireuit. The saturated core type voltage regulator provides 
J 20. og, regulation for the high voltage supplies. 

—s High VYo3 tag ae Circuits, Pe5122173 

This shows the excitation, bias, deflection and cali- 

ation circuits of the cathode ray tubes in detail and the 
PF intercon: nections of the sweep circuits and thelr associated 

Bec: - | 
- of two sources, one 


MA divider for e 


KV voltage doubler circuit 
4 tensity control potentiometer has another ore in 
geries with it mounted with its knob inside on an insulated 
sub panel : This ts for adjusting the beam just under eutofrf 
hen the intensity potentiometer is turned up. Similarly for 
Bees focus there are two inte ernal potentiometers one on 
either side of the focusing control. These serve to adjust 
the focusing potentiometer into the best NS EE in the 
Bite divider. | | 
4 The DC calibration circuit derives its volt tage from the 
| sweep power supplies, holding 1% steady be. means of four 150. 
| volt OAe reg sulator 2 o. An series» This gives 600 volts of 
nich 500 volts in steps of 100 volts is used for calibration. 
The voltage is set by ‘ga justing the current thru the wire 
ound re sistors 2.9 MA by means of an externa. milliameter 
“Plugged into a jack in the ground side. The adjusting rheostat 
4s set with a. screw driver thru a hole in the-front panel 
‘Between the two DG control knobs | 
@ ihe deflection selector s switches provide forward and 
| tere rsed connections of the deflection plates. This permits 


ee 


A PBetiection in the eame direction for either polarity of 


vefiection voltage. Vertieal bias on the deflection a 
“either direction is obtained by control of the voltage on 


p the p late which otherwise would be grounded. 


i 


ance voltage divider of the right hand tube 
peeve des 75 ohm termination for the deflection cable with 
Getto ste eps as shown, The left hand voltage divider provides 
000 ohm termination. | 
A 3, Power Supplies, M~5112537 
These two chassis provide the various voltages needed by 
Whe sveep, calibration and bias circuits. | 
4, Time Delay Circuit, M-5112567 
~ bey 
4 The main purpose of this unit is to provide two pulses, 
J onc for starting the sweep and’ the other for tripping the . 
Pirip suree generator at some time interval later. It also 
has thr ee rere) e which in bon jenetion with two push 6 buttons 
a shutter switch contro] the camera shutter and a second 
line) SWeeD. The four combinations are listed on the 
Relay ra. ig slowed up by series resistance and a. 
armature ‘to give the shutters time to open before | 
| to trip tube #1. If the red button. (M-= 5112 2518) 
is pushed then oe #3 will close after relay #2 and send 
Phother pulse to terminal i2 for tripping the sweep. Relay 
#3 takes longer to close than the jongest sweep and presumably 
longest transient and therefore the second sweep should be 


The interval between the two is short enough to 


Bive the illusion of a sing zie. pieture. 


The closing of relay #2 provides a positive pul se to. 


berminal fJ2 which starts the sweep, A seco i pulse on 


lt 


a 


, od % i s gu a ca’ ¢ “j 

sweep switch and C. 
i; ~ “ 4 atts *, dre ; A> 
Pine adjustment of 


capacitor for 


at 


erval whose purpose is to provide 
Bome zero line before the surge generator is tripped. 


ee 


z. 


falves of R shown in the table were chosen with the object o 


g about the same Jength of zergq line on all sweeps. 
Generator, M-5112535 Photograph No. 1054619 
\ 
Marx circuit surge generator with 14 KV 


giving a negative 70 KV pulse output for tripping 


surge generator.. The first gap is replaced by a 


thyratron which receives its tripping pulse from the - 


circuit previousiy described. 


consiste 


from a sharp point ching from the positive side 


% 
lew 


negative sphere of 


Cireuit, M-5112516 


“: The purpose of this circuit is to produce two voltages of 
opposite polarity varying linearly with time over 


. 


a range of 
ome 500 volts which connected to the time axis plates of the 


Cathode ray tube produce a linear time axis, Voitages and 


state currents are marked for each tube. Operation is 


of positive polarity is received 


delay circuit or a pulsé.of e: 


SSA tre 


to start the circuit action. The 
for the polarity of the initiating 
to get a positive pulse output from tube #1 


fo trigger off the multivibrator tubes #2 and #3. the 


ov gy 


4 ; 


guration of the io eaaiaer square wave output of tube #3 


Bepends: on Cel which together with C=2 Later in. the circuit 


a 


is varied over il steps by the sweep switch. Values are 


given in tie table on the diagram. The output of. #3 is in= 


d and ‘amplified by #4 whose output in turn serves to 


utors tudes #5 and #6, Cutting off tube #5 causes it to- 


ot mgm 


put out a posi itive square wave of 125 volts which is use 
for driving the grid of the cathode ray tube » Cutting Ort 
‘tube #6 leaves #7 to discharge C=2 at a constant rate which 


i rite 
i a 


= in a linear rise of 3 fegative voltage on the erid 
4 _-The output of #8 then drives the push pull tubes 
#9 ar #10 which provide the. fina | drive on the sweep plates. 
. This cireuit is ra ther eritically balanced insofar as 
4a and Cee have to be matched . if Cond 4s too small with 
respect to C=2 the sweep will Stop short of the edge of the 
0 Groen. if Col is too large with respect to C+2 the sweep 
lose its linear character and slow up toward the end » 
Mhen tubes #2, #9 or #10 are renewed their potentiometers 
may need readjus stment | 
Trouble shooting can best be started by checking to aoe 


pif the various plate voltages as shown on the diagram. 


type 
f steep fron OF : volts 
_ of average length is 
amplitude is eee especially for 
Oscillations may cause disturbances in 


tubes #2 and #3 which will cause a shortened 


PHOTOGRAPHIC RECORDING 

The cameras are mounted on the front of the camera holder 
with control knobs to the right and are — in place by pair 
of knurled nuts. The: lens speed of F1.5 is meguir ed only on 
eps 5.7 Fy or sro Toon give good results ane 


st ones. Rastman super .pan XX35 mn fiim and D72 
ae | been used for years although there may be some 
faster films now available. 
if The camera is made up of a Wellensak lens and an Eastman 
Rodak 35 camera. On the left side there © Sh ji eaten 


a} 


Which may be turned 90 degrees to remove the top half of the 


film holder. The film spool is placed in the upper ae and 


the film moved downward by turning the winding knob as shown 
When a roll is finished the winding knob wil] 
Then the film must be rewound into its original 


Rontai ner before removal . Before re-rolling, the winding 


& TAR, vache 


Bot is pulled out about 1/8" to release the free wheel. 
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S0lenoid operated: nutes are. 
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jder. They may be tu rned off by means of the shutter switch 


sciliograph switch panel. or by individual switches on 


camera holder. The lens s shutte is normally left open 


cording done with the’ solen 
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volts. The 25 KV is turned on Jast without delay after 


a good precaution to be looking in at 


r turning on the cathode ex@itation and to 


mn one's fingers on. the switch ready to curn it off in case 


sathode beam is e established 


A 


wild] meit a hole in the sereen in 


pe 


should be operated at intens 


ae 


» good results for ae particula xr type of 


the Tube Division of the 


may be or rdered from the Coneeat Gnei- 
ulting aeoretory Vi heres 
cathode ray tubes should be ordered with 
, gives from 30 to 90% greater 


20% higher cost. 
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your SORENSEN Instrument... : 


Before you begin to use your new Sorensen instrument, please read this instruc. 


tion book very carefully. 


The Sorensen Regulator or Nobatton is a Precision instrument. This does not 
mean that your Sorensen instrument will not stand. rough handling — it will. 
How much, will, of course, depend on your own experience and good judgement. 


- You have. chosen the Sorensen unit over al] other similar types of equipment 


for any of the reasons listed below —- 


¢ Wide input range 

e Precise regulation accuracy | 

e Excellent wave form 

e Insensitivity to line frequency fluctuations 
e Adjustable output voltage oe | 

e Fast recovery time 


The experience and “know-how” that has made Sorensen the first line of 
STANDARD electronic voltage regulators stands behind this instrument. 


If, for any reason, difficulties are encountered, notify the factory at once... 


DO NOT ATTEMPT ADJUSTMENTS OR REPAIRS WITHOUT FIRST NOTIFYING 
THE FACTORY. DO NOT TAMPER WITH ANY OF THE COMPONENTS. UNIN- 
STRUCTED TAMPERING WITH ANY OF THE COMPONENTS WILL VOID YOUR 


GUARANTEE FOR THAT PARTICULAR PART. 


| requests for information and service... 
All questions concerning the operation or malfunctioning of this instrument 
should be directed to the Service Department, Sorensen & Company, Inc., 
375 Fairfield Ave., Stamford, Connecticut. Ga ee ee "2 


Sorensen & Company, Inc. has adopted a sales and service policy which is 


meant to be a protection to you as purchaser, and Sogensen & Company, Inc. 
as supplier. 
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procedure for returning damaged or defective material (continued ) ae 


Defective materials returned to us without RETURN MATERIAL TAG wil] 
be sent to us entirely at the risk of the customer. Repair of this instrument 
might be delayed if an unauthorized return is made. ete 

C. This instrument should be packed as carefully for return as when originally 


received. The instruments are precision equipment and in many cases very 
heavy. Transformers and other heavy components should be carefully blocked. 


‘D. If the instrument to be returned is mounted in a cabinet, remove from 


the cabinet and only return the instrument. Under no circumstances ( without 


_ the specific instructions from Sorensen & Company, Inc.) return both. — 


Ratings: All ratings of units are to be found on the enclosed schematic diagrams. 


Description: A. On most models a pilot light on the front panel indicates that 


the electronic control circuit is receiving power and that the regulator should 
be functioning. =e 

B. The Screw. driver adjusted control permits adjustment of output voltage 
setting. » | 


C. Various methods are used in the different models to obtain input and 
output voltages. On some units, a line cord and plug assembly is provided 
for input connection. Output voltage is then taken from a dual female 
receptacle. On other models, the input and output terminals are to be found 
on the chassis. To eliminate any confusion, reference should be made to the 
schematic diagram enclosed. Inter-chassis connections for Nobatrons made 
up of more than one chassis can be found on the block diagrams enclosed. 


_D. With the exception of the Sorensen diode, all tubes are common commer- 


cial types. Diode replacements may be obtained from Sorensen & Company, Inc. 
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Comments: The unit is intended to operate within the loads indicated on the 
accompanying schematic diagram Regulation accuracy is maintained to some 
degree below minimum load; however, the rated accuracy is not guaranteed 
except as noted. | | & 


If measurements of output voltage are taken for purposes of checking the 
accuracy of regulation, true rms reading voltmeters should be used, as the 
regulator regulates the rms value of the output voltage. Rectifier or vacuum 
type voltmeters are not suitable for this purpose. Measurements should be 
made directly at the output terminals and not at the end of a line leading 
to the load. The regulator will deliver constant voltage to its terminals regardless 
of load changes, but will not compensate for drop in the external wiring. 


Principle of operation: The operation of the unit can best be understood by 
referring to the schematic diagrams included. 


The basic power circuit is shown in heavy lines and includes an autotransformer 


T4 and a saturable core reactor T3. The reactor is in series with the primary 
of the autotransformer across the input terminals. Variation of the impedance 
of the saturable core reactor will vary the voltage impressed on the primary of 
the autotransformer and consequently will vary the output voltage. 


A decrease in reactor impedance, for instance, will increase the portion of the 
input voltage impressed on the autotransformer primary and will result in 
an increase in output voltage. Conversely, an increase in reactor impedance 
will result in a decrease in output voltage. 


All that is necessary to achieve voltage regulation is some automatic method 
of varying the reactor impedance by the right amount to restore the output 
voltage to its original value at such times as it may vary due to changes in 
load or input voltage. This action is accomplished by the electronic control circuit. 
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principle of operation (continued)... 


The basic voltage sensitive element of the Nobatron is the Wheatstone Bridge. 
One arm of the bridge consists of the diode V1, the filament of which 1s 


lighted by the output voltage. 


The diode is operated at a temperature limited condition. With this arrange- 
ment, a small increment of output voltage results in a change in cathode 
emission and a large change of plate resistance in the diode. The signal voltage 
of the bridge is applied to the grid of beam power tube V2 which controls 
the DC saturating current of the reactor. 


A typical sequency of operations is as follows: Assume a rise in output voltage 
as a result of reduced load or a rise in input voltage. Increased output voltage 
results in increased voltage and heating of the diode filament. With increased 
heating, the diode cathode emission increases reducing the plate resistance of 
the tube. Since the diode forms an arm of the bridge, a change in plate resistance 
will change the balance condition of the bridge; in this instance the change 
results in a more negative potential applied to the grid of V2. The more 
negative grid signal results in a sharp drop in the plate current of V2 and 
consequently, reduced saturation of the reactor. Reduced DC saturation of the 
reactor results in an increase in DC impedance which, as pointed out before, 
lowers the output voltage. 

The above action will continue until an equilibrium is reached wherein the 
net change in output voltage is sufficient to compensate for the changed circuit 
conditions in the control circuit. The gain of the control system 1s of such 
magnitude that the unit will maintain output voltage within the tolerance 1n- 
dicated on the schematic diagram while compensating for the rated range of 


input voltage and load variations. 


Tubes V3 and V4 found in most models, are rectifier tubes in the DC power 
supplies for the saturating circuit and diode bridge circuit respectively. 


principle of operation (continued) .. . 


Adjustment of output voltage is accomplished by the potentiometer. in the 
Circuit supplying the diode filament. Variation of resistance in this circuit varies 


the value of output voltage required to obtain a given diode filament tempera- 


ture, and consequently will control output voltage. 


_ The resistor shown connected between the plate and screen of tube V2 (across 
terminals. 9 and 10 in high capacity models) is a swamping resistor to absorb 


inductive surges originating in the DC reactor winding. The winding has a 


very high inductance. 


When the regulator is first turned on, electronic circuit elements are cold and 
a period of approximately 60 seconds is required for the unit to reach operating 


temperature. During this period, the output voltage will be low; however, 


as the tubes begin to conduct, the output voltage rapidly rises to its proper 
adjusted value. This is a normal condition and in no way indicates any malfunc- 


tioning of the regulator. 


Maintenance and Trouble Shooting: During normal life, the unit requires no 
maintenance or servicing other than the care usually afforded this type of 


equipment. Vacuum tubes should be replaced at the end of their specified lite 


in accordance with the policies established for the particular application. 


In the event of malfunctioning of the unit due to deterioration or failure of any 
of its component parts, a systematic checking procedure will provide the 
quickest’ and surest method of locating the difficulty. Par. 3 gives systematic 
checking procedures which should be followed in locating sources of trouble. 
Fig. 1 gives the voltages which should exist in various parts of the circuit 
during normal operation. These voltages should be measured with an electronic 
type voltmeter. | 


NOTE: DANGEROUS VOLTAGES EXIST IN THE CONTROL CIR- 
CUITS. OBSERVE APPROPRIATE PRECAUTIONS. 
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maintenance and trouble shooting (continued) .. . 


Trouble shooting: A. No output voltage. This condition indicates an open in 
the power circuit. 


1. Check that the On-Off control is in the “ON” position. 


2. Check autotransformer, AC reactor coils, circuit breaker, power leads, 
and terminals for continuity. 


B. No Regulation and Low Output Voltage With Load. This condition indicates 
the failure of the electronic control circuit to supply saturating current. 


1. Check the fuse in the control circuit. Replace only with a similar type. 
2. Inspect tube filaments to see that they are lit. 

3. Check tubes in a tube tester. 

4, Check the DC power supply to the saturating circuit by checking the 


value of DC voltage. No voltage will indicate a failure of the transformer 
winding or of the filter condenser. | 


5. Check the plate voltage and grid voltage of the beam power tube V2. 
If the grid voltage is abnormally negative and causing cut off, check the 
diode bridge supply voltage and the diode filament supply voltage. 

6. Check the DC reactor winding for an open. 

7. Check the over-voltage circuit breaker if one is used in your unit. ; 
8. In the case of split-chassis construction, check the inter-chassis terminal 
boards for secure and correct connections. 
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maintenance and trouble shooting (continued)... 


Trouble shooting (continued): C. No Regulation and High Output Voltage. 
This condition indicates that the control circuit 1s oversaturating the reactor. 
It may also be the result of shorted turns in the reactor AC cols. 


1. Check to see that the diode filament is lit. 
2. Check tube V2 in a tube tester or replace with a spare. - 
3. Check the bridge signal voltage. If this voltage is abnormally positive, 


check contacts, connections and resistance values of all components of | 


the bridge. Check diode or replace with a spare. 
4. Check the voltage adjusting potentiometer for dirty contacts. 


D. Drift with Age of the Range of Output Voltage. This condition indicates a 
variation of tube characteristics with age. 


1. Check tubes and replace accordingly. 
E. Reduction of Regulation Range or Poor Regulation in General. These 
conditions may be the result of deterioration or failure of various components 
of the control curcutt. oe a oe 
"1. Chieel tubes or replace with spares. = | : 
2. Check the DC power supply voltages. 


3. Check for shorted turns in the reactor DC coil using an ohmmeter. 


4. Check the control circuit in general for loose connections, shorts or 


damaged parts. a | 
5. Check voltage and resistance values. Check condensers for continuity. 


In the event of serious trouble or damage to the unit, return it to the factory 


for repaw and. readjustment. 
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